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(54) BATTERY LIFE MONITORING DEVICE 

(57)Abstract: 

PURPOSE: To monitor the life of battery power supply at a lapse of 
time in a battery life monitoring device of an electronic equipment 
which is driven by the battery power supply. 

CONSTITUTION: Operation occupation time (TRUN, THALT, TSLOW, 
and TOFF) corresponding to each of four different operation modes 
(RUN, HALT, SLOW, and OFF) of the consumption current of a CPU 
1 1 is reset and counted by four timer T1-T4 in a timer unit 19 when 
the replacement of a battery 1 7 is detected by a battery replacement 
detection function in a power supply device 18. Based on each 
operation time (TRUN, THALT, TSLOW, and TOFF) of each operation 
mode counted by the timers T1-T4, each consumption current (IRUN, 
IHALT, ISLOW, and IOFF) of each operation mode which is stored, in 
advance, at the monitoring data memory in the memory 15, and an 
initial capacity S of the battery 1 7 which is stored, in advance, at the 
monitoring data memory, a remaining time X usable by the battery 17 
can be predicted and calculated and shown on a display 16. 
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[0008] 

[Embodiment] Hereinafter , one embodiment according to the 
present invention will be described/ referring to the drawings . 
FIG. 1 shows a block diagram of a configuration of an electronic 
circuit for an electronic device provided with a battery life 
monitoring device according to the present invention. 
[0009] The above electronic device is provided with a CPU 
(central processing unit) 11. The above CPU 11 activates a 
system program previously stored in a memory 15 according to 
a key operation signal input from a key board 12 for execution 
of operation control of each part in the circuit. And an 
operation clock generated by a clock generator (GG) 13 is 
supplied to the above CPU 11. 

[001Q] Moreover, a display 16, other than the above memory 15, 
and an electric power source unit 18 for supplying a voltage 
signal from a battery 17 as an electric power source voltage 
Vcc to each circuit are connected to the above CPU 11 through 
a bus 14. 

[0011] The above CPU 11 is operated according to four modes 
(RUN, HALT, SLOW, OFF) with different consumption currents, 
respectively, and each operation mode signal from the above CPU 
11 is supplied to a timer unit 19. 

[0012] The above timer unit 19 comprises four timers Tl to T4 
to perform timer operation according to four operation mode 
signals from the above CPU 11, respectively; the timer Tl 
performs timer operation under a state where a RUN mode signal, 
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which denotes that the above CPU 11 is operating in a RUN mode, 
is supplied; the timer T2 performs timer operation under a state 
where a HALT mode signal, which denotes that the above CPU 11 
is operating in a HALT mode, is supplied; the timer T3 performs 
timer operation under a state where a SLOW mode signal, which 
denotes that the above CPU 11 is operating in a SLOW mode, is 
supplied; and the timer T4 performs timer operation under a 
state where an OFF mode signal, which denotes that the above 
CPU 11 is operating in an OFF mode, is supplied. 
[0013] On the other hand, when a battery exchange detection 
signal is output to the bus 14 from the above electric power 
source unit 18 which has a battery exchange detection function 
to -detect exchange operation of the battery .17, other than a 
supplying function of the electric power source voltage Vcc, 
timer data in each timer Tl to T4 in the above timer unit 19 
are reset to "0 M . 

[0014] Here, the operation clock for each timer Tl to T4 of 
the timer unit 19 is supplied from an independent special 
purpose oscillating unit 19a. That is, each timer Tl to T4 of 
the above timer unit 19 measures isolation time (T RUN, T HALT, 
T SLOW, T OFF) of each operation mode (RUN, HALT, SLOW, OFF) 
of the above CPU 11 from an exchange point of time of the above 
battery 17, respectively. And each isolation time, which is 
measured with the above timer unit 19, corresponding to each 
operation mode of the above CPU 11 is always monitored by the 
above CPU 11 through the bus 14. 

[ 0015 ] The above memory 15 comprises : a program memory to store 
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system programs for the electronic device, and subprograms to 
execute various kinds of function operation; a work memory to 
temporarily store input-output data in the above CPU 11 as 
necessary; a monitoring data memory to store monitoring data 
for the electric power source; and so on. 

[0016] The monitoring data memory in the above memory 15 
previously stores the consumption currents (I RUN, I HALT, I 
SLOW, I OFF) , which are obtained by experiments and theoretical 
calculations, corresponding respectively to four modes in the 
above CPU 11, and initial rated capacity S of the battery 17 • 
[0017] The above CPU 11 performs a monitoring operation of the 
battery life, along with execution of operation controls of each 
part in the circuit according to key operation signals from the 
keyboard 12. In the monitoring operation of the battery life, 
remaining usable time of the battery 17 is calculated as an 
estimation, based on, for example, operation isolation time (T 
RUN, T HALT, T SLOW, T OFF) corresponding respectively to each 
operation mode measured by each timer Tl to T4 of the above timer 
unit 19, the consumption currents (I RUN, I HALT, I SLOW, I OFF) , 
which are stored in the monitoring data memory of the above 
memory 15, and the initial rated capacity S of the battery 17 
stored in the monitoring data memory. Then, the estimated 
remaining usable time of the battery 17 is indicated on the 
display 16. 

[0018] FIG. 2 shows a table for relations between operation 
frequencies and consumption currents corresponding 
respectively to the four operation modes (RUN, HALT, SLOW, OFF) 
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of the above CPU 11 in the above electronic device, 
[0019] FIG. 3 shows a timing chart for relations between the 
outputs of each operation mode signals and the fluctuations of 
the consumption currents, corresponding respectively to the 
four operation modes ( RUN, HALT, SLOW, OFF) of the above CPU 
11 in the above electronic device. 

[0020] That is, in the RUN mode, the consumption current I RUN 
becomes the largest one, as the above CPU 11 is operated at the 
highest speed; in the HALT mode, the consumption current I HALT 
becomes the second largest one, as the clock generator (CG) 13 
is in an operation state, and the above CPU 11 in a halting state; 
in the SLOW mode, the consumption current I SLOW becomes the 
third largest one, as the CPU 11 is operated at a low speed under 
one-Nth frequency division of a clock signal from the clock 
generator (CG) 13. Moreover, in the OFF mode, the consumption 
current becomes only a leak current, and the smallest one, as 
the clock generator (CG) 13 is stopped. 

[0021] That is, the inequality among the consumption currents 
(I RUN , I HALT, I SLOW, I OFF) in each operation mode of the 
above CPU 11 is shown as follows: 

I RUN > I SLOW > I HALT > I OFF 

FIG. 4 shows a circuit diagram of a configuration around 
the timer in the timer unit 19 of the above electronic device. 
[0022] The timers Tl to T4 of the timer unit 19 are gated- 
on in a high level state of each corresponding operation mode 
signal (RUN, HALT, SLOW, OFF), and perform timer operation 
according to a special purpose clock from the oscillating unit 
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19a. Then, the counting contents are input to the above CPU 
11 through the data bus 14, as necessary. 

[0023] Here, the battery life monitoring operation in the 
electronic device provided with the battery life monitoring 
device according to the above configuration will be described. 
In the first place, the operation of exchanging the battery is 
detected by the electric power source unit 18, when the battery 
17 is newly exchanged, and the measured data corresponding 
respectively to the four timers Tl to T4 in the timer unit 19 
are reset to 0" . 

[0024] Then, in the timer Tl, the operation isolation time T 
RUN is measured in a state where the RUN -mode signal is output 
from the above CPU 11; in the timer T2, the operation isolation 
time T HALT is measured in a state where the HALT mode signal 
is output from. the above CPU 11; in the timer T3 , the operation 
isolation time T SLOW is measured in a state where the SLOW mode 
signal is output from the above CPU 11; and in the timer T4, 
the operation isolation time T OFF is measured in a state where 
the OFF mode signal is output from the above CPU 11. 
[0025] That is, each operation isolation time (T RUN, T HALT, 
T SLOW, T OFF) corresponding to each operation mode from the 
exchange of the battery 17 is obtained in each timer Tl to T4 . 
Now, in the above CPU 11, estimation operation of the remaining 
usable time is performed for example, every predetermined time 
as follows. 

[0026] In the first place, the total sum of the current 
consumption capacity P consumed from the exchange point of the 
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battery 17 is calculated, using the following formula ( 1 ) , based 
on the consumption currents (I RUN, I HALT, I SLOW, I OFF) , which 
are previously stored in the monitoring data memory of the above 
memory 15, corresponding respectively to each operation mode 
and above timer Tl to T4, and the operation isolation time (T 
RUN, T HALT, T SLOW, T OFF), which are measured by the above 
timers Tl to T4 , previously stored in the monitoring data memory 
of the above memory 15, corresponding respectively to each 
operation mode. 
[0027] 

P = (I RUN * T RUN) + (I HALT * T HALT) + (I SLOW * T 
SLOW) + (I. OFF * T OFF) ... Formula (1) 

. , In the second place, the average used consumption current 
I ON under operation (ON) from the exchange point of the battery 
17 is calculated according to the following formula (2): - 

. I ON = {(.I RUN * T RUN) + (I HALT * T HALT) + (I SLOW * 
T SLOW)}/(T RUN + T HALT + T SLOW) ... Formula (2) 

In the third place, the remaining battery usable time X 
is calculated according to the following formula (3), based on 
the total sum of the current consumption capacity P consumed 
from the exchange point of the battery 17, which is obtained 
based on the initial capacity S of the battery 17, which is 
previously stored in the monitoring data memory of the above 
memory 15, and the above formula (1); and the average used 
consumption current I ON from the exchange point of the battery 
17 obtained according to the above formula (2). 
[0029] X = (S-P)/I ON ... Formula (3) 
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time of a battery and a changing voltage with the passage of 
time under operation though it is assumed in the above 
embodiments that the initial capacity S of the battery 17 is 
previously stored in the monitoring data memory of the memory 
15. Moreover, estimation calculation of more exact remaining 
usable time may be performed by previous storage of a database 
for characteristic data according to kinds or rated capacities 
of the battery 17. 
[0032] 

[Effect of the Invention] As mentioned above, according to a 
battery life monitoring device in the present invention, 

operation isolation time corresponding respectively to 
different consumption currents from an exchange point of 
batteries may be measured as operation isolation, time 
corresponding respectively to a plurality of modes, with 
different consumption currents in an electronic circuit is 
measured with a plurality of timers after resetting when the 
exchange of a battery power source is detected by a battery 
exchange detection means; and 

the remaining usable time of the above battery power 
source may be estimated, based on: each operation isolation time 
corresponding respectively to a plurality of operation modes 
measured by a plurality of timers; each consumption current 
corresponding respectively to a plurality of operation modes; 
and initial capacity of the above battery power source. 
Therefore, the life of the above battery power source may be 
exactly estimated. 
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FIG. 1 

17: Battery 

18: Electric power source unit 
16: Remaining usable time 10 hours 

FIG. 2 
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